Nonn eurogeni c leptom en ingeal infiltration by system ic ca ncer is a rare mod e of metastas is to the ce ntral nervo us system. Thi s process is c haracteriz ed by diffuse, sheetlike infiltration of th e pia-arachnoid . Symptoms and signs are produced by mening ea l irritation , increased intracrani al pressure or neuronal dysfunction, eith er cereb ral or spinal, or a combin ation of th ese eleme nts [1] . The syndrome has been known si nce the turn of the century. Th e spinal form of the disease is not as well known and less common th an th e ce rebral form [2] . Although thi s en tity is still consid ered rare, its frequ ency is increasing, especiall y with systemic lymphoma [3 -5] . Clinical manifestation s of sp inal lepto meningeal infiltration are obscure and nonspecifi c and an earl y di ag nosis is often difficu lt [2 , 3] . The myelographic description of thi s type of spinal co rd and cauda equina malignan cy has been infrequently reported . We present fiv e cases with a review of the literature.
Case Reports

Case 1
A 48-year-old man was found to have undifferent iated lymphoma in vo lvin g th e small bowel, left ureter, and left ax ill ary and submandibul ar nodes 5 months before ad mi ssion. He received radiat ion therapy to th e abdomen and was treated w ith c hemoth erapy. He was ad mitted after 3 weeks of progressive pain in th e low back and both thigh s. He also noted weakness in going up and down stairs over th e prev ious seve ral days. Ph ys ica l examinati on showed weaken in g of th e ili opsoas mu scles and diminished mu scle stretc h reflex in th e lower extremit ies. Th ere was no se nsory abnorm ali ty.
At th e tim e of mye log raphy, th e spin al fluid was viscous and xan th ochromic. Th e p rotein co ntent of th e spinal fluid was 4,400 mg / d l and th e cyto logy was negative. Th e mye logram showed thi cke ned nerve roots with parall el longitudin al st ri ations in vo lvin g the en tire lumbar reg ion (figs. 1 A and 1 B) . Radi ation th erapy to the who le spin al axis was immed iately in itiated. His symptoms and sign s co ntinued to worsen rapid ly.
A laminectomy was perform ed at th e T 1 2-L 2 level. The dura appeared normal and th e underl yin g arach noid was also grossly norm al. However, th ere were a few small whitish areas in th e arachnoid. Th e roots of th e cauda equ in a appeared swoll en and somewhat hyperem ic . Th e biopsy specim en o f th e arachnoid showed d iffuse infiltrati on wi th lymphoma ce li s in th e arachnoid ( fig . 1 C) . Despite radiation and chemoth erapy, the patient cont inued to deteriorate w ith third nerve palsy and right arm paralysis. He d ied 2 weeks later. 
Case 2
A 6 1-year-old man was hospitali zed with complaints of low back pain rad iatin g to both legs and difficulty in wa lking of 2 weeks durati on. He was found to have hilar, submandibular, and gastric masses 2 months before ad mi ssio n. Th e biopsy from th e gastric mass showed histi ocytic lym phoma. The phys ica l examination revea led a parti al left seventh nerve palsy, decreased muscle strength in th e hip extensors bilaterally , and red uction of pinprick sensati on in both heels. A myelogram was obtained (fi gs. 2A and 28). The spin al fluid was viscous and xa nthrochrom ic . Th e protein conten t of th e spin al fluid was 2,400 mg / dl. Lymphoma ce ll s we re id en tified in th e spin al fluid ( fig. 2C) . Th e myelog ram showed diffuse thi c kened nerve roots with parall el long itudinal striations. Radiation th erapy to th e who le spinal axis was immediately initiated.
Case 3
A 68-year-old woman was admitted because of confusion and memory loss. She had a right rad ical mastectomy for breast ca rci- noma 15 yea rs before and left bre ast carc inoma was discovered 2 months earli er. Computed tomography (CT) of the brain showed extraventricular obstructive hydroceph alus. A ventriculoperitoneal shunt tube was in serted. Cerebrospinal fluid analysis showed class IV adenocarc inoma cells. She received radiation therapy to the brain and intrathecal methotrexate through th e reservoir of the shunt. Her condition improved and she was discharged. She was readmitted 4 months later because of difficulty in walking.
Ph ysical examination revealed weakness of th e lower extremities, reduction of position sense of th e toes, and absence of deep tendon refl exes in the lower extremities. Repeat CT of th e brain showed no evid ence of metastasis. Ventric ular size was within normal limits. A total myelogram was obtain ed. The spin al fluid was xanthochromi c . The protein conten t of the spin al fluid was 880 mg / dl and the cytology showed c lass IV adenocarcinom a ce ll s. Th e myelogram showed mark ed ly thickened nerve roots with parallel longitudinal striation s in th e ca ud a eq uina (fi gs. 3A and 3 8) . Radiation therapy to the entire spin al axis was immed iately initiated . 
3A
A 45-year-old man developed left eye proptosis without loss of visual acuity. Tissue surgically removed from the left retrobulbar space 1 year later was diagnosed as pseudotumor. He underwent radiation therapy with good response . Left forehead and left neck masses developed 2 years later. Excisional biopsy of the ri ght suprac lavicular lymph node revealed numerous atypical plasma ce ll s. Serum protein electrophoresis demonstrated a monoclonal IgM spike, but the bone marrow biopsy was negative. Radiation treatmen t of presumed extramedullary plasmacytoma obtained a good response .
Th e patient was hospitalized 7 years later after 6 months progressive weakness in the lower extremities . He complained of some pain in both quadricep and hamstring areas. On physical examination, he had decreased strength in the proximal muscles and distal hypoesth esia. Myelography showed thickened nerve roots in th e cauda eq uina with parallel longitudinal striations ( fig. 4) . Cerebrospinal fluid protein was 325 mg / dl; glucose, 60 mg / dl; and monocytes, 39% . Cytology was negative. Th e patient underwent radiation treatment of a total tumor dose of 1,800 rad (1 8 Gy) to the whole craniospinal axis. At the end of treatm ent, he was pain free with some improvement in strength in th e lower extremities.
Case 5
A 48-year-old woman was ad mitted with weakness and pain in both legs. She also had numbness in the left foot and numbness and paresthesias of both hands. Her symptoms had progressed slowly during the previous year. She had a left mastectomy for breast carcinoma 15 years before . On neurologic exam in ati on, the c ranial nerves were intact except for inability to abduct the left eye beyond the midline. Sensory examination showed decreased light touch and pinprick sensation in both feet to ankle level and absent position and vibration sense in both feet. Both legs were markedly wasted and hypotonic. Th e right leg was completely paralyzed and the left leg was partially paralyzed distally. The diagnosis at that 38 4 tim e was peripheral polyneuropathy and she was discharged on prednisone treatment. She was ad mitted again several months later with focal seizures and papilledema. A cerebral ang iog ram showed hydrocephalu s. A ventricu lar peritoneal shunt was performed. After the operation, the patient continued to deteriorate and a myelogram was obtained . The spinal fluid was very viscous and xant hochromic with th e protein content over 3 ,000 mg / d l and a negative cytology . Th e myelogram showed complete block at the T12-L 1 level and an almost complete block at the L4-5 level. The margin of the cranial block was irregular and the caudal block had a tapered appearan ce. Th e contrast column appeared rigid and irregu lar (figs. 5A and 5B) .
A laminectomy was performed at the T1 2-L 1 level. The dura appeared normal, however, the arachnoid immediately below appeared opaque and milky. The biopsy of this part of the arac hnoid tissue showed diffuse infiltration by anaplasti c cells that was compatible with metastatic adenocarcinoma of the breast (fig . 5C ) . The patient died 2 months later.
Discussion
Leptomeningeal infiltration by systemic cancer is characterized by diffuse or multifocal infiltration of th e pia-arachnoid prolongations around cran ial and spinal nerve roots and into the perivascu lar spaces of th e superficial co rtex. This form of tumor growth is distinct from the metastatic nodul ar proliferations of the parenchyma and dura. The tumor grows in sheetlike fashion along the surface of the brain and spinal cord, at times eliciting an inflammatory reaction . It is this pathologic picture that is termed meningitis carc inomatosa. Gross inspection of the brain, spinal cord , and nerve roots often reveals little or no abnormality . Among the positive gross findings, leptomeningeal thickening is co mmonly described as opaque, opalescent, milky , and whitish. Discrete nodules or focal granul arity may be seen , attributed to focal acc umul ation of pro liferation of cancer cell s in the leptomeninges. These nodules are most often found along nerve roots of the cauda equ ina [1 -3] .
Th e mode of tumor spread to th e leptomeninges has been controversial. Periph eral lymphatic invas ion, hematog enou s dissem ination , seeding through the choroid plex us, or spreading of th e tumor from the brain parenchyma and nerv e roots to the ce rebrospin al fluid have been suggested [1 ,3, 4] .
Van All en and Rahme [6] reported a case of diffuse leptomenin geal lymphosarcomato us infiltration of th e caud a eq uin a with myelographi c appearance of longitudinal parall el stri ations. At· surge ry ,. marked ly swoll en nerve roots of the caud a equina appeared like a mass of " spag hetti ." Th e myelographic features of our cases 1 -3 and 5 were identical. A similar pattern was observed by others in cases of lung carcinom a and melanoma [7 -9] . The parallel striations corre lated with thickened nerve roots by diffuse tumor infiltration . The cauda equina and lumbosacral region are the most common sites of spinal involvement. The infiltration is more on the dorsal surface, probably due to gravitation al effect [1 , 2] .
Guyer and Westbury [8] noted multiple nodular filling defects along the nerve roots of the cauda equina in a case of lung carc in oma . Similar findings were described by others [3, 10, 11] . The multiple nodules correlate with focal accumul ation or local proliferations of cance r ce ll s in the leptomeninges along the nerve roots.
Prentice et al. [10] described a complete block of Pantopaque in the lower thoracic region in a case with reticulum cell sarcoma . The contrast material was introduced via cisternal puncture after unsuccessful lumbar punctures . At the level of the block, the contrast column was irregular, re sembling that of chron ic ad hesive arac hnoiditis. Case 5 demonstrated a similar complete block with irregular margins at the thoracolumbar junction in addition to an almost compl ete block at the L4-5 level (figs . 5A and 58).
Lumbar puncture is often difficult to perform because of obliteration of the subarachnoid space due to swollen nerve roots , occas ionally resulting in dry puncture. It may cause severe radiating pain to the lower extremities. The spinal fluid is often xanthochromic and occasiona lly viscous due to increased protein content. The cytology is positive in 20%-50% of cases [1] [2] [3] .
Oil contrast material (Pantopaque) was used in all of our cases. Ree et al [11] advocated Amipaque , demonstrating multiple nodular defects along the nerve roots in the cauda equina in a case of spinal leptomeningeal carcinomatosis. The swollen nerve roots would probably be demonstrated to better advantage by using a water-soluble contrast materi al. However, since the lesions are poorly localized clinically , a total myelogram is often requested , in which case we prefer using Pantopaque. Even in patients with suspected spinal metastasis whose c linical findings suggest a lesion in the lumbar region, it is important to evaluate the entire spinal canal in search of other clinically sil ent lesions. In cases with blocks in the cervical or upper thoracic region , th e tumor margins are usually better demonstrated with Pantopaque. Another advantage of using Pantopaque is that some of the contrast material may be left in the spinal canal for future follow-up, if necessary.
In summary, one of a combination of the following myelographi c patterns have been observed in the spinal leptomening ea l infiltration by systemic cancer: (1) parallel lon gitudin al striations in the cauda equina due to thickened nerve roots; (2) bizarre , irregular filling defects with varying degrees of blocks, resembling arachnoiditis; or (3) multiple nodul ar defects along the nerve roots of the cauda equina.
Th e main differential diagnostic possibilities are hypertrophic interstitial po lyneuritis [12] and arachnoiditis. Differentiation of the parallel longitudinal striations in the cauda eq uina from hypertrophic interstitial polyneuritis may be impossible. If there is assoc iated irregul arity of th e contrast co lumn in addition to th e longitudinal striations, hypertrophi c interstitial po lyneuritis is less likely since the arachnoid lining should be smooth, However, the combination of longitudinal striations and irregu larity of the contrast column may be difficult to differentiate from arachnoiditis [13] .
Differentiation of irregular filling defects with varying degrees of block from arachnoiditis may also be impossible, However, in a clin ical setting when the sp inal form of leptomeningeal infiltration by systemic cancer is suspected , one or a combination of the above myelographic patterns will be helpful in establi shing the diagnosis ,
